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Abstract:

Mobile telecommunications devices have made their way into the hands of most of the world’s population in the almost
fifty years since the world’s first mass-produced mobile phone was put on the market by Motorola in 1973 (Farley 2005,
Radicati 2021). Like other information sources, maps have also benefited from and been re-envisioned for internet-
connected mobile devices. We can now use maps to support our everyday activities in ways that were unimaginable with
paper maps — for example, providing real-time updates and design that adapts when their use context changes. However,
these new use contexts also often generate additional cognitive load, by presenting distractions in noisy and highly
dynamic environments. This increased cognitive load is exacerbated by the design constraints posed by the characteristics
that make mobile devices portable (e.g., small screens). To mitigate this increased cognitive load from mobile map use
cases, there are at least two options: reduce the cognitive load by externalizing cognition and/or distribute cognition
among other actors (machines or people). While some foundational work exists (e.g., Reichenbacher 2004, Meng et al.
2005, Thrash et al. 2019), there are many dimensions of how people use mobile maps and how we can best design such
maps that are un- or under-explored.

In this abstract, we present a subset of our research agenda paper for understanding cognitive issues of mobile map design
and use published in a special issue of the Journal of Location Based Services on user experience design for mobile
cartography (see Griffin et al. forthcoming). It explores recent literature relevant to understanding how cognitive processes
shape the successful use of mobile maps. In the review, we examine two strategies designers could use to mitigate high
cognitive loads associated with mobile map use: offloading cognition by externalizing it and/or distributing cognition
among other actors such machines or people. We explore these strategies in depth and identify knowledge that is missing
to implement them effectively when designing mobile maps. To do this, we consider their relevance to several mobile
map use cases (navigation, individual spatial decision making, collaborative spatial decision making, information
enrichment, and entertainment). Next, we identify methodological innovations that are needed to better understand
cognitive processes in mobile map use situations. Finally, we explore individual and social impacts of mobile maps and
how they are entangled with cognition. For example, we explore the privacy concerns that might arise from capturing
physiological measurements that indicate cognitive load, and we consider the long-term impacts of mobile map use on
users’ cognitive abilities. In the presentation, we will discuss the larger set of opportunities we identified and their
relationship to the other contributions (Huang et al., under review; Roth et al., under review).

From the opportunities we identified in our review, we highlight two important cross-cutting research questions:

1. How can mobile maps be designed to reduce cognitive load by providing what is really needed by
users to facilitate their cognitive processes? (Opportunities 1.1, 1.2)

a) What is the right amount of information that needs to be provided? (Opp. 3.2,4.2, 7.1, 8.1)
b) What is the right level of assistance from people or machines? (Opp. 3.1, 4.1, 8.2, 14.4)

¢) When should that assistance be provided? (Opp. 9.2)
d) How much awareness of this assistance is needed by the user? (Opp. 3.3)

2. How can the intrinsic cognitive load created by mobile maps be managed and minimized by
supporting the attention distribution between the map and environment (Opp. 2.1, 2.2, 6.2)?
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In Table 1, we present the research opportunities associated with these cross-cutting questions (question 1, yellow
shading; question 2, green shading), a subset of those discussed in the research agenda paper.

1.1 | With what methodologies and devices can we best measure the cognitive load related to mobile map use?

1.2 | How much do we need to understand about the source of the cognitive load (intrinsic, extrinsic, germane) to
determine how mobile maps can be designed to minimize cognitive load?

3.2 | How do we decide how much context should be shared between humans and machines for mobile map use?

4.2 | How do we decide how much context should be shared for collaborative mobile map use tasks?

7.1 | How much explanatory information needs to be provided by mobile-map-based SDSS to satisfy users’ needs
for understanding and trusting the simplified decision options the machine proposes?

8.1 | What is a good method to communicate context to facilitate collaborative decision-making with mobile maps?

3.1 | How many and which tasks can and should be distributed between humans and machines, i.e., which tasks profit
most?

4.1 | What are the important social cues for collaborative mobile map use?

8.2 | How can we identify communication and coordination requirements for different applications of mobile map-
based collaborative spatial decision support?

14.4 | What are the ethical implications (e.g., who is in control of an automated process) of distributing cognition
between mobile map users and machines and of allowing decision-making by machines?

9.2 | What information should an automated map service push to which mobile map users, and in what form, where
and when should it be pushed?

3.3 | How can we clearly communicate to the user what the machine is doing when we outsource cognitive processing
to a machine?

2.1 | How much attention needs to be focused on the environment versus the map for successful mobile map use?

2.2 | What design elements support a mobile map user’s ability to effectively distribute attention between the map
and the wider environment?

6.2 | How is the map user's attention distributed differently when the mobile map offers different kinds of support
for understanding the relationship between the map user and the environment?

Table 1: Research opportunities for answering cross-cutting questions, adapted from Griffin et al. (under review).
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